ABSTRACT Background: Dietary supplement use is common in older US adults; however, data on health risks and benefits are lacking for a number of supplements. Objective: We evaluated whether 10-y average intakes of 13 vitamin and mineral supplements and glucosamine, chondroitin, saw palmetto, Ginko biloba, garlic, fish-oil, and fiber supplements were associated with total mortality. Design: We conducted a prospective cohort study of Washington State residents aged 50-76 y during [2000][2001][2002]. Participants (n = 77,719) were followed for mortality for an average of 5 y. Results: A total of 3577 deaths occurred during 387,801 personyears of follow-up. None of the vitamin or mineral 10-y average intakes were associated with total mortality. Among the nonvitaminnonmineral supplements, only glucosamine and chondroitin were associated with total mortality. The hazard ratio (HR) when persons with a high intake of supplements (4 d/wk for 3 y) were compared with nonusers was 0.83 (95% CI: 0.72, 0.97; P for trend = 0.009) for glucosamine and 0.83 (95% CI: 0.69, 1.00; P for trend = 0.011) for chondroitin. There was also a suggestion of a decreased risk of total mortality associated with a high intake of fish-oil supplements (HR: 0.83; 95% CI: 0.70, 1.00), but the test for trend was not statistically significant. Conclusions: For most of the supplements we examined, there was no association with total mortality. Use of glucosamine and use of chondroitin were each associated with decreased total mortality.
INTRODUCTION
Routine use of vitamin, mineral, and other nonvitamin-nonmineral dietary supplements is common among older persons in the United States (1) . An estimated one-half of persons 57-85 y of age take a dietary supplement regularly (at least once per week) (1) . Users tend to be motivated by the putative health benefits (2-4), but there is no clear evidence that the use of the most-common dietary supplements (eg, multivitamins) affects mortality, and there are few or no studies of mortality risk in relation to the use of many of the less-common dietary supplements. Evidence of efficacy is not required before a dietary supplement is marketed to the public (5) and, until December 2007 (6) there was no requirement for manufacturers of dietary supplements to include contact information on their products or to report the occurrence of adverse events that may be related to their use to the US Food and Drug Administration (7) . The VITamin and Lifestyle (VITAL) Study was implemented to assess whether the use of dietary supplements was related to the occurrence of various health outcomes. We (8) previously reported on associations between the use of the most-common dietary supplements (multivitamins, vitamin C, and vitamin E) and mortality. In the current study we evaluated associations between the use of 20 less-common dietary supplements and total mortality.
SUBJECTS AND METHODS

Study population
Men and women who were 50-76 y of age between October 2000 and December 2002 and lived in a 13-county area of western Washington State were eligible to participate in this cohort study. The study proposal was approved by the institutional review board of the Fred Hutchinson Cancer Research Center. The methods of recruitment of participants, data collection, and follow-up for outcomes were described previously (9) . Briefly, 364,418 individuals, who were identified from a purchased commercial mailing list, were sent a cover letter and a 24-page questionnaire to be self-administered. With the goal of encouraging supplement users to participate in the study, the cover letter described the study as one on supplement use and cancer risk. Between October 2000 and December 2002, 79,300 questionnaires were returned, and among them, 77,719 met eligibility and quality-control checks. Characteristics of the participants were described previously (9) . For the current analysis we excluded one participant who died before his questionnaire reached the study center and 45 participants who reported having a malabsorption condition at baseline that may have impaired their ability to absorb nutrients. A total of 77,673 participants remained for analysis.
Supplement use
A participant was classified as a user of an individual supplement or multivitamin if she or he reported use at least once per week for 1 y during the previous 10 y; all other participants were classified as nonusers of the individual supplement or multivitamin. For each vitamin, mineral, and nonvitamin-nonmineral, we ascertained intake from single supplements (including mixtures other than multivitamins (eg, a supplement of B vitamins)] and multivitamins, including the duration and frequency of use of each individual supplement during the previous 10 y, and for vitamins and minerals only, we ascertained the average dose per day. Information was also obtained on the duration and frequency of multivitamin use and the current brand and the most commonly used past brand of multivitamin. The amount of each vitamin or mineral contained in the multivitamin was obtained from the Physicians' Desk Reference for Nonprescription Drugs and Dietary Supplements 2002 (10), from the manufacturer (for the 16 multivitamin brands listed in the questionnaire), or from the amount reported by the participant (if the multivitamin was not one of the 16 brands listed).
The 10-y average daily intake of each vitamin and mineral was then computed as the duration (y) 4 10 y · frequency (d/wk) 4 7 d/wk · dose per day (U/d) and summed over the individual supplement and multivitamin. Each user of a vitamin and mineral supplement was categorized into one of the following 3 groups of 10-y average daily intake (U/d): 1) the first tertile, 2), more than the first tertile up to the amount of that nutrient that would be obtained from a 10-y daily use of the multivitamin pill Centrum Silver (Wyeth, Madison NJ), or 3) more than the amount of that nutrient that would be obtained from a 10-y daily use of the multivitamin pill Centrum Silver (Wyeth). Therefore, only participants who used an individual supplement of that nutrient or a multivitamin with a relatively high amount of that nutrient could be classified into the highest-intake group. Individuals who only consumed that supplemental nutrient via 10 y of daily use of a standard multivitamin could not be classified into the highest-intake group. Because the amount of iron varies considerably in different formulations of multivitamins, and the amount that would be obtained from daily use of Centrum Silver (4.0 mg/d; Wyeth) is relatively low, we defined the highest category of iron-supplement use as greater than the amount that would be obtained from daily use of several common multivitamin pills (18.0 mg/d; [eg, Centrum (Wyeth)].
Each user of a nonvitamin-nonmineral supplement was categorized into 1 of 2 groups of 10-y intake: 1) a low-use category based on a duration of use of ,3 y or a frequency of use of ,4 d/wk, or 2) a high-use category based on a duration of use 3 y and a frequency of use during that time of 4 d/wk. A few brands of multivitamins contain saw palmetto, Ginko biloba, and/or garlic but in doses of 10-50% of the amount in individual supplements. Therefore, individuals who only obtained these compounds from one of those brands of multivitamins were classified into the low-use category.
Potential confounders
The following variables were identified as potential confounders because of their association with total mortality and their potential to be associated with supplement use: age, sex, race-ethnicity, marital status, education, recency of smoking/ pack-years of smoking, average physical activity in the 10 y before baseline (11) , estrogen-therapy use, estrogen plus progestin-therapy use, use of regular strength or extra strength aspirin in the previous 10 y, use of nonaspirin nonsteroidal antiinflammatory medications (NSAIDS) in the previous 10 y, current use of cholesterol-lowering medication, prostate specific antigen test in the previous 2 y, mammogram in the previous 2 y, sigmoidoscopy in the previous 10 y, self-rated health, health history, ages at death of mother and father, body mass index (BMI; in kg/m 2 ) at age 45 y, alcohol intake at age 45 y, and diet (see below). We used a participant's recall of their BMI at age 45 y and alcohol intake at age 45 y rather than at baseline because the measures at 45 y of age were more strongly related to mortality.
A morbidity score was created to adjust for health history at baseline. To do so, sex-specific and age-adjusted Cox proportional hazards models were used to determine the hazard ratio (HR) for death associated with 23 conditions in men, modeled simultaneously, and 27 conditions in women, modeled simultaneously ( Table 1) . Each participant was assigned a morbidity score that was based on the coefficients for their set of conditions.
Diet in the year before baseline was measured by using a modified version of the food-frequency questionnaire used in the Women's Health Initiative (12) . On the basis of recommendations of the US Dietary Guidelines Advisory Committee for specific components of diet (13) , selected diet variables were evaluated for their relation to mortality. Among them, the following variables were related to mortality and were included in the final statistical models: percentage energy from trans fat, percentage energy from saturated fat, daily servings of fruits, and daily servings of vegetables (excluding potatoes).
Ascertainment of death
Among the 77,673 participants, 3577 deaths were identified from the start of follow-up through 31 December 2006 (9) . A total of 3535 deaths were identified from the Washington State Center for Health Statistics, which has records of deaths of Washington State residents, including those that occurred outside of the state (14). An additional 37 deaths were identified from the Social Security Death index, 2 deaths were identified from the Western Washington Surveillance Epidemiology and End Results cancer registry, and 3 deaths were identified from notification by relatives. The date of death was available for all deaths.
Statistical analyses
For each supplement, the HR of death, which compared each category of users with nonusers, and the associated 95% CIs were measured by using Cox proportional hazards regression (15) with age as the time variable. Person-years were accrued from participants' age at completion of the baseline questionnaire through their age at death (n = 3577) or censoring [withdrew from the study (n = 22), moved out of Washington State (n = 3224), or 31 December 2006 (n = 70,850)]. Participants who moved out of state were identified mainly by annual linkage to the National Change of Address system (9). We included a missing category for most confounders to reduce the number of participants excluded from each analysis. Even so, in the analyses shown in Tables 2-4 , the percentages of participants dropped from each analysis because of missing data were 6-8%.
All analyses were adjusted for age and sex. For selected supplements, in the order of the variables listed above (under Potential confounders), each was entered into the model and only those that changed the HR by 5% were retained in the model. Nearly all of the same variables were retained in each of the selected supplement-mortality models. Therefore we adjusted each supplement-mortality model for every variable that was identified as a confounder in any of the selected models. The covariates included in the final model were, age, sex, education, recency of smoking/dose of smoking, average physical activity in the 10 y before baseline, self-rated health, and morbidity score. These variables were categorized as shown in Table 1 , except for age, which was adjusted for as a continuous variable. To control for confounding by indication we also adjusted for indications for use of supplements that are typically taken for a specific condition: a history of anemia in the year before baseline (yes/no) was included in the model of iron use, a previous diagnosis of benign prostatic hyperplasia (yes/no) was included in the model of saw palmetto use, and joint pain or a history of osteoarthritis (yes/no) was included in the models of glucosamine and chondroitin use. In separate analyses we adjusted each model for all of the potential confounders (listed in Potential confounders) determined a priori. After doing so, we did not detect any association that was not present in the more parsimonious models, and 3 Cox regression analysis adjusted for the following variables: sex, age, education, recency of smoking/dose of smoking, physical activity in the 10 y before baseline, self-rated health, and morbidity score. 4 Greater than amount of that nutrient that could be obtained from a 10-y daily use of one pill of the multivitamin Centrum Silver (Wyeth, Madison, NJ). 5 Not applicable because the test for nonlinearity in the log-hazard ratio was significant at a = 0.05.
we did not fail to detect any association that was present in the parsimonious models. The results of the parsimonious models are shown in Tables 2-4 . The statistical significance of each supplement variable was tested by using a likelihood-ratio test for trend with the variable categorized in ordinal form. Because this test assumes a loglinear relation between the HR for death and the supplement variable, we first tested for nonlinearity in this relation. To do so, we computed a likelihood-ratio test and compared the model with supplement use categorized as a dummy variable to the model with supplement use categorized as an ordinal variable. If the models differed at P = 0.05, the test for trend was not computed.
All analyses were conducted with Stata/SE 10.1 (StataCorp LP, College Station, TX).
RESULTS
Among the 77,673 participants, 3577 deaths occurred during 387,801 person-years of follow-up (9.22 deaths/1000 personyears). Participants who were relatively more likely to die were men, older, black or American Indian/Alaska Native, and not married or living with a partner, had less education, were current cigarette smokers and smokers for longer durations, and had lower physical activity levels in the 10 y before baseline and 3 Because of rounding, the numbers of person-years across strata of a variable do not always sum to 387,801. 4 Cox regression analysis adjusted for the following variables: sex, age, education, recency of smoking/dose of smoking, physical activity in the 10 y before baseline, self-rated health, and morbidity score.
5 Additionally adjusted for self-report at baseline of anemia in the previous year. 6 Greater than the amount of that nutrient that could be obtained from daily use of one pill of the multivitamin Centrum (Wyeth, Madison, NJ). 7 NA because the test for nonlinearity in the log-hazard ratio was significant at a = 0.05. 4 Cox regression analysis adjusted for the following variables: sex, age, education, recency of smoking/dose of smoking, physical activity in the 10 y before baseline, self-rated health, and morbidity score. 5 The low-use category included those with a 10-y average frequency of use of ,3 d/wk; the high use category includes those with a 10-y average frequency of use of 3 d/wk. 6 The low-use category included those with a duration of use of ,3 y or a frequency of use ,4 d/wk; the high-use category that included those with a duration of use 3 y and a frequency of use during that time of 4 d/wk.
7 Additionally adjusted for a composite variable that categorized participants as having either nonrheumatoid arthritis or chronic neck, back, or joint pain or as having neither condition.
8 NA because the test for nonlinearity in the log-hazard ratio was significant at a = 0.05. 9 Additionally adjusted for a previous diagnosis of benign prostatic hyperplasia.
poorer self-rated health (Table 1) . By design, the morbidity score was strongly related to total mortality (Table 1) . After multivariate adjustment there were no associations between the 10-y average daily intake of any of the vitamins (Table  2) or minerals (Table 3 ) and total mortality. Among the nonvitamin-nonmineral supplements, 10-y average daily intakes of glucosamine and chondroitin were each associated with decreased risks of total mortality (Table 4) . For glucosamine the HR was 0.92 (95% CI: 0.82, 1.04) for low use and 0.83 (95% CI: 0.72, 0.97) for high use (P for trend = 0.009). For chondroitin the HR was 0.88 (95% CI: 0.77, 1.02) for low use and 0.83 (95% CI: 0.69, 1.00) for high use (P for trend = 0.011).
To explore the possibility that these inverse associations were due to uncontrolled confounding that was present as a result of unmeasured healthy behavior being more common in glucosamine and chondroitin users, we evaluated these associations among nonusers of NSAIDs in the previous 10 y and in women who never used hormone replacement therapy (HRT). We expected the prevalence of the unmeasured healthy behavior to be lower in nonusers of NSAIDs and in women who never used HRT. The HR associated with glucosamine use did not become less strong when the analysis was restricted to nonusers of NSAIDs (adjusted HRs for low and high use were 0.88 and 0.62, respectively) or when restricted to women who never used HRT (adjusted HRs for low and high use were 0.79 and 0.83, respectively). Similarly, the HR associated with chondroitin use did not become less strong when restricted to nonusers of NSAIDs (adjusted HRs for low and high use were 0.83 and 0.51, respectively); however, the HR for high use of chondroitin was slightly less strong when restricted to women who never used HRT (adjusted HRs for low and high use were 0.87 and 0.91, respectively).
No other nonvitamin-nonmineral supplement was associated with mortality, although there was a suggestion of an inverse association between a high use of fish-oil supplements and total mortality risk (HR: 0.83; 95% CI: 0.70, 1.00), but the test for trend was not statistically significant (P for trend = 0.097). None of the HRs were appreciably changed when we omitted the morbidity score from the multivariate-adjusted models.
DISCUSSION
Among the vitamin supplements we examined, some were evaluated previously in randomized trials for their relation to total mortality. However, comparisons across studies are limited by differences in the duration and dose of supplement use, in the lengths of follow-up, and the underlying health status of participants. b-Carotene-supplement use was associated with a modestly increased risk of total mortality in a meta-analysis of 6 randomized trials (relative risk: 1.06; 95% CI: 1.01, 1.11) (16) . Vitamin A-supplement use was not associated with total mortality in a meta-analysis of 2 randomized trials (HR: 1.18; 95% CI: 0.84, 1.68) (16) . In the current study b-carotene use and retinol-supplement use were not associated with total mortality.
In a 2007 meta-analysis of 4 randomized trials, vitamin Dsupplement use was not associated with total mortality (relative risk: 0.97; 95% CI: 0.92, 1.02) (17) . This finding was consistent with that from the Women's Health Initiative trial (18) of calcium plus vitamin D supplementation (HR: 0.91; 95% CI: 0.83, 1.01). In the current study there was also no association between vitamin D-supplement use and total mortality. Our findings of no association between use of any of the vitamin B supplements and risk of total mortality is generally consistent with previous studies (19) (20) (21) .
There is a paucity of published studies of total mortality risk in relation to use of the mineral supplements listed in Table 3 ; an exception is selenium, which has antioxidant properties (22) . In a 2007 meta-analysis of 3 randomized trials, the use of selenium supplements was not associated with total mortality risk (HR: 0.85; 95% CI: 0.68, 1.07) (23) . In the current study use of selenium supplements was also not associated with total mortality.
Previously published studies of the relation between the use of iron supplements and risk of death were mainly conducted among those at an increased risk of iron deficiency, including infants, children, and pregnant women. However, associations between iron concentrations in the body (serum ferritin or serum transferrin-iron saturation) and mortality were examined in cohort studies conducted in general adult populations (24) (25) (26) and in older adult populations (27, 28) . The results from these studies (24) (25) (26) (27) (28) are mixed, possibly because of an inability to distinguish the effect of iron from the effect of an underlying health condition that may be related to iron concentrations in the body and the risk of death (28) .
Among the nonvitamin-nonmineral supplements we examined, only glucosamine and chondrotin were associated with total mortality; the use of each was associated with a 17% reduced risk of death. Glucosamine and chondroitin are commonly taken together (29) and are marketed as beneficial to the normal functioning of joints. Among older adults in the United States, glucosamine, with or without chondroitin, is the most commonly used nonvitamin-nonmineral supplement; the prevalence of regular use is estimated to be7% in persons 57-85 y of age (1) .
Findings from a 2000 (30) and 2003 (31) meta-analysis of randomized trials are consistent with a positive association between the use of glucosamine and chondroitin and improvement in symptoms of osteoarthritis. However, in a 2007 meta-analysis (32) of randomized trials of chondroitin for treatment of osteoarthritis, there was no effect on osteoarthritis symptoms after the analysis was restricted to 3 trials that used the intent-to-treat principle.
Little is known about the effect of glucosamine or chondroitin on other conditions. Satia et al (33) recently reported that the use of glucosamine or chondroitin in the 10 y before baseline was associated with a reduced risk of lung and colorectal cancer in the same (VITAL) cohort that we report on in the current study. Animal studies suggested that both glucosamine (34, 35) and chondroitin (36) impede the progression of cardiovascular disease and that both glucosamine (37) and chondroitin (38) have therapeutic effects in colitis.
Proposed mechanisms by which chondroitin may provide symptomatic relief in patients with osteoarthritis include the reduction of proinflammatory factors, modification of apoptotic pathways, and improvement in the anabolic/catabolic balance of extracellular cartilage matrix (39, 40) . Accumulating experimental evidence indicates that chondroitin and glucosamine may inhibit nuclear transcription factor jB-dependent pathways. Abnormal regulation of nuclear transcription factor jB has been linked to inflammatory diseases and cancer (41) .
Although, to our knowledge, there have been no previous studies of glucosamine or chondroitin in relation to mortality, other antiinflammatory drugs have been associated with reduced total mortality. Our results for glucosamine and chondroitin are similar to the finding in the Iowa Women's study (42) of an 18% reduction in total mortality associated with aspirin use.
We also observed a borderline statistically significant decreased risk of total mortality associated with the high use of fishoil supplements (HR: 0.83; 95% CI: 0.70, 1.00). In a 2009 metaanalysis (43) of randomized controlled trials, the use of fish-oil supplements was not associated with total mortality risk (HR: 0.92; 95% CI: 0.91, 1.28; n = 11 studies) but was associated with a decreased risk of cardiovascular disease mortality (HR: 0.80; 95% CI: 0.69, 0.92; n = 11 studies).
The limitations of the current study should be considered in the interpretation of our results. The generalizability of our results may be limited to the extent that characteristics that modify the associations differ in the broader population compared with the VITAL cohort (44) . Further, although the HRs were adjusted for many factors associated with supplement use and mortality, confounding by unmeasured factors may be present. If this confounding was due to unmeasured healthy behaviors being more common in supplement users than nonusers, this bias would cause the HRs to be spuriously low (ie, the estimated benefit would be spuriously great). Another concern is that we adjusted for health conditions that could be on the pathway between supplement use and risk of death. However, because these conditions could have been a reason for supplement use, we choose to adjust for them. In sensitivity analyses, we observed that our risk estimates were not appreciably affected by adjustment for the morbidity score. Further, although participants were instructed to report their use of supplements during the 10 y before baseline, this time window may have been too recent to include the etiologically relevant period for some deaths. In addition, the time period during which exposure information was ascertained overlapped with the period that enriched grain products were fortified with folic acid in the United States, which became mandatory in 1998 (45) . Nonusers of folic-acid supplements would have had some supplementation, and therefore, the sensitivity of this study to detect an association with folic acid-supplement use may be low.
Although detailed information was obtained on supplement use, exposure measurement error is a concern because we relied on participants to accurately report their 10-y intake, which likely varied during this period. A validity study (46) was conducted in the VITAL cohort of most of the vitamin and mineral supplements examined in the current study. The reliability and validity of the exposure measures were shown to be good. For the variable 10-y average daily dose, the intraclass correlation coefficientr for test-retest reliability at baseline and after 3 mo varied between 0.69 for b-carotene and 0.84 for folic acid and vitamin B-12. This measurement error is likely nondifferential in this cohort study and would attenuate our risk estimates toward HR = 1.
Some supplements may contain a mixture of more than one nutrient, which makes it difficult to separate their independent effects. For example, different vitamins and minerals may be taken in the form of a single multivitamin, different B vitamins may be taken in the form of a B-vitamin-complex pill, and glucosamine and chondroitin are often taken together in a single pill. Therefore, our results for glucosamine and chondroitin are not independent, and only one of these agents may have driven the results. For vitamins and mineral supplements, we attempted to separate associations with the use of specific supplemental nutrients from those of multivitamin use only by restricting the highest category of users to participants with a 10-y average dose that was greater than one that could be achieved from 10 y of daily use of a common multivitamin formulation.
In conclusion, in the current study there were few associations between use of any of the supplements and total mortality. There was a suggestion of a decreased risk associated with fish oilsupplement use at a high amount (4 d/wk for 3 y). The strongest associations we observed were between glucosamine and chondroitin use and total mortality; the use of each was associated with decreased risks of total mortality. Glucosamine and chondroitin may have antiinflammatory properties, and future studies that evaluate risk of death separately for those diseases with and without a chronic inflammatory cause, and with longer durations of follow-up and possibly functional studies, may increase our understanding of any potential benefit of glucosamine-and chondroitin-supplement use.
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